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INTRODUCTION

An ongoing single event (SEE) test program at JPL and The Aerospace Corporation
continues, not only to assess specific part performance for interplanetary and satellite
environments, but also to establish trends in SEE response of an ever-increasing body of device
data.

In 1985, Nichols et al. [1] published the first nearly comprehensive listing of SEE test data
for 186 parts. This presentation was updated in 1987 with the publication [2] of data for 83
additional parts and again in 1989 (3] with data for 154 more parts. In this report, the authors
extend the data base for 182 new parts. As before, the data are collected according to technology,
function, and manufacturer in order to identify trends, generalizations, and data gaps.

TESTING APPROACHES

The experimental procedures used by JPL and The Aerospace Corporation are evolutionary
and are described in detail in previous reports [4,5]. In general, the procedures comply with the
guidelines for SEE testing set forth by the ASTM F1.11 document [6).

ORGANIZATION AND SCOPE OF DATA

This report summarizes soft-error and latchup experimental test data from JPL; The
Aerospace Corporation; the Applied Physics Laboratory, Johns Hopkins University (JH); Centre
National D'Etudes Spatiales (CNES, France); European Space Agency (ESA); and other SEE
testers. These data were provided directly to JPL or were otherwise made available to the
scientific community during the two-year period from January, 1989, through December, 1990.
The authors will include smaller SEE data sets generated by all U.S. and foreign researchers when
these data are made directly available. Not included are proprietary data generated by
subcontractors who used JPL hardware. Also omitted are now fairly extensive data sets on power
MOSFET failures obtained by JPL, Rockwell International, Boeing, and others—such data
require a significantly more complicated organization.

The SEE data presented here and in the previous three reports [1-3] represent a substantial
majority of all test data obtained on SEE throughout the world. Some of the remaining data may
be found in previous issues of IEEE Transactions on Nuclear Science, other journals, or in
published and unpublished presentations of SEE symposia.

The data from all organizations are summarized and collected together, even though there
are minor differences in the data from each organization. For example, JPL defines the threshold
linear energy transfer (LET) as that value of LET where soft errors are first counted at fluences of
106 ions/cmZ; The Aerospace Corporation currently defines their LET threshold as that point
where the measured upset cross section is one percent of the measured maximum Cross section.
These two values may be quite different.” To obtain accurate single event upset (SEU) rates for a

* The use of an LET threshold defined as a stated percentage of 2 maximum (saturated) cross section
attempts to establish a practical lower bound for the purpose of estimatiug upset rates. The discrepancy
between this definition and JPL's definition becomes academic when a complete cross section is used in
rate calculations.




prescribed radiation environment, one requires the entire plot of cross section versus LET, which
may be available from the parent test organization.”™ More recent JPL data may be accessed
directly from JPL's computer data base, RADATA.

All data are conveniently divided into two tables: Table 1, for MOS devices, and Table 2,
for a shorter list of recently tested bipolar devices. In addition, a new table of data for "Latchup
Tests Only" (invariably CMOS processes) are given in Table 3. Those devices having both soft-
error and latchup data are reported in Table 1. All data listed here represent a substantial
abbreviation and ignore statistical features altogether. SEE tests use a dynamic nominal bias;
latchup tests are usually performed at the maximum value of the nominal bias range—a condition
that usually (but not always) enhances the possibility of latchup. Unreported transients and
higher test temperature measurements may exist for some parts. Therefore, a syswm designer
interested in a specific part is urged to contact the appropriate test organization for further
information.

Users are cautioned that manufacturers (listed with their abbreviations in the Appendix)
may often change their process (and resultant SEE susceptibility) without changing the part
number or notifying tester organizations. Thus, a test of flight parts is always a good policy.

TRENDS

Some trends in the recent data are offered in the "Remarks" column, but for the most part
the table speaks for itself. Special studies (such as SEE response variation with temperature, or
latchup susceptibility versus epi-layer thickness) are beyond the scope of this presentation.

** More detailed data are available in JPL Publication No. 88-17 by D. K. Nichols et al.. "Heavy Ion
Induced Single Event Phenomena (SEP) Data for Semiconductor Devices from Engineering Testing" (July,
1988). This report includes cross sections and identification of ions and beam angles.




CONCLUSIONS

The new data presented here can be combined with data given in References [1-3] to
develop certain generalizations useful for protecting flight electronics from SEE. Hard
technologies and unacceptably soft technologies can be flagged. In some instances, specific
tested parts can be taken as candidates for key functions—such as microprocessing or memory.
As always with radiation test data, specific test data for qualified flight parts are recommended
for critical applications. Calculations of accurate SEE rates will require the assistance of a
computer code, a well-defined environment (in terms of flux versus LET), and a complete device
characterization (cross section versus LET, at the appropriate temperature). Evaluation of
catastrophic effects requires its own statistics in which flares are considered. JPL's recent
concerns with power transistor burnout and single-event gate rupture are beyond the scope of this
report. The Aerospace Corporation’s exploration of SEE transients in linear devices may later
open up a whole new concem for a device category formerly considered to be no problem.
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APPENDIX

MANUFACTURER ABBREVIATIONS

Actel

Analog Devices, Incorporated

Allied Signal

Alpha Industries, Semiconductor Division
Advanced Microdevices Corporation
Atmel

Crystal Semiconductor, Incorporated
Cypress Corporation

DDC ILC Data Device Corporation
Fairchild Semiconductor Corporation
Fujitsu ,Ltd.

Harris Corporation, Harris Semiconductor Division
Hitachi Ltd.

Honeywell, Incorporated

Integrated Device Technologies, Incorporated
INMOS Corporation

Intel Corporation

LSI Logic Corporation

Marconi Electronic Devices

Micron Technologies

Mitsubishi

Motorola Semiconductor Products, Incorporated
Micro Power System

Matra Harris Semiconductor

Nippon Electric Corporation

National Semiconductor Corporation
Omni-Wave, Incorporated

Performance Semiconductor Corporation
Radio Corporation of America

Seiko

SEEQ Technology, Incorporated
Signetics Corporation

Sandia National Laboratories

Sony Corporation

SOREP

Teledyne Crystalonics

Thomson Military & Space, France
Texas Instruments, Incorporated

Toshiba

TRW, Incorporated

Xicor, Incorporated

Xilinx Corporation

Zoran
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TECHNOLOGY OPERATIONS

The Aerospace Corporation functions as an "architect-engineer” for national security
programs, specializing in advanced military space systems. The Corporation's Technology
Operations supports the cffective and timely development and operation of national security
systems through scientific research and the application of advanced technology. Vital to the
success of the Corporation is the technical staff's wide-ranging expertise and its ability to stay
abreast of new technological developments and program support issues associated with rapidly
evolving space systems. Contributing capabilities are provided by these individual Technology
Centers:

Electronics Technology Center: Microelectronics, solid-state device physics,
VLSI reliability, compound semiconductors, radiation bardening, data storage
technologies, infrared detector devices and testing; electro-optics, quantum electronics,
solid-state lasers, optical propagation and communications; cw and pulsed chemical
laser development, optical resonators, beam control, atmospheric propagation, and
laser effects and countermeasures; atomic frequency standards, applied laser
spectroscopy, laser chemistry, laser optoelectronics, phase conjugation and coherent
imaging, solar cell physics, battery electrochemistry, battery testing and evaluation.

Mechanics and Materials Technology Center: Evaluation and characterization
of new materials: metals, alloys, ceramics, polymers and their composites, and new
forms of carbon; development and analysis of thin films and deposition techniques;
nondestructive evaluation, component failure analysis and reliability; fracture
mechanics and stress corrosion; development and evaluation of hardened components;
analysis and evaluation of materials at cryogenic and elevated temperatures; launch
vehicle and reentry fluid mechanics, heat transfer and flight dynamics; chemical and
electric propulsion; spacecraft structural mechanics, spacecraft survivability and
vulnerability assessment; contamination, thermal and structural control; high
temperature thermomechanics, gas kinetics and radiation; lubrication and surface
phenomena.

Space and Environment Technology Center: Magnetospheric, auroral and
cosmic ray physics, wave-particle interactions, magnetospheric plasma waves;
atmospheric and ionospheric physics, density and composition of the upper
atmosphere, remote sensing using atmospheric radiation; solar physics, infrared
astronomy, infrared signature analysis; effects of solar activity, magnetic storms and
nuclear explosions on the earth's atmosphere, ionosphere and magnetosphere; effects
of electromagnetic and particulate radiations on space systems; space instrumentation;
propellant chemistry, chemical dynamics, environmental chemistry, trace detection;
atmospheric chemical reactions, atmospheric optics, light scattering, state-specific
chemical reactions and radiative signatures of missile plumes, and sensor out-of-field-
of-view rejection.




